ABSTRACT
A third hypothesis, i. e. that hormones may act as gene activators, is discussed at some length. Gene activation would lead to production of messenger-RNA and induced enzyme synthesis. For ecdysone, the moulting hormone of insects, every step of this reaction sequence has been demonstrated experimentally.
Hormones are chemical messengers. They are produced in special glands or cell groups and carried via the circulation to their »target tissues«. The problem we shall discuss here is: how is the message read by the responding tissues or cells?
Most of the vertebrate hormones were isolated in pure form in the 'twenties and 'thirties, and their structure was elucidated. This knowledge, however, has not enabled us to explain their mode of action. For some time, the hypothesis that hormones act by activating enzymes was quite popular. This idea was favoured by analogy to another group of very active factors, the vitamins, which became known as part of coenzymes. However, in spite of extensive efforts, this hypothesis has never been substantiated (see reviews by Dirscherl 1955; Hechter 1955; Breuer 1965) . For some time, there seemed to be a good case for the following hypo¬ thesis: The conversion of phosphorylase b into phosphorylase a by the direct action of adrenaline and glucagon. In this way, the hormone seemed to control directly the activity of a key enzyme in glycogenolysis. However, Haynes et al. (1960) found later that 3'5'-cyclic adenosine monophosphate (3'5'-AMP) was responsible for the catalysis of this conversion, thereby acting as a mediator in hormone action. The effect now appears to be an indirect one, the pro¬ duction of 3'5'-AMP from ATP Karlson (1961 a; see also Clever 8c Karlson 1960) . Although recent progress in developmental and molecular biology has provided the background for this new concept, it was mainly based on experiments with ecdysone, an insect hormone which is produced in the prothoracic gland, and which is also known as the »molting hormone« or »metamorphosis hormone« (for reviews see è; Gabe et al. 1964; Karlson 1966) . It is a steroid hormone, the structure of which has re¬ cently been elucidated Huber Sc Hoppe 1965) . It is re-presented by the following formula and can be designated systematically as 2ß, 3ß, 16a,22ß, 25-pentahydroxy-5/3-cholest-7-en-6-one.
Ecdysone has been shown to influence chromosomes (Clever 8c Karlson 1960) . Larvae of the midge, Chironomus tcntans, were chosen for these experiments because they have the wellknown giant chromosomes in the salivary glands. Injection of ecdysone into mature larvae resulted in puffing at one or two gene loci (Clever 8c Karlson 1960) . These puffs also occur during normal development in the transition from larvae to pupae, presumably induced by endogenous ecdysone.
What is the biological and biochemical significance of puffs? At first, they were described as special structures on the giant chromosomes, related to the long known »Balbiani rings«. They stain differently from the dense bands of DNA. Later it was shown that most of the DNA bands can undergo reversible puffing, and the puff was interpreted as a special »action structure« of the genetic material (Beermann 1962 (Clever 1962 (Clever , 1963 ). Furthermore, isolated nuclei from Calliphora epidermis respond to ecdysone with enhanced synthesis of nuclear RNA ); this RNA is rich in messenger, i. e. it shows a high template activity (Dukes et (Hancock et al. 1962) , oestradiol (Noteboom 8c Gorski 1963) and thyroxine (Widnell 8c Tata 1963 (Tata et al. 1962 ). Space does not allow us to review these papers in detail and the reader is referred to a recent symposium (Karlson 1965 (Miller 1961) , although a more direct effect on RNA and protein synthesis has been shown (Wool 8c Krahl 1959) .
The hormones of the neurohypophysis, especially the antidiuretic hormone, are also among those which regulate permeability. Experiments by Schwartz et al. (1960) and Rasmassen et al. (1960) have suggested that in this case the hormone interacts chemically with SH-groups of membrane proteins, and that some change in protein conformation may be the primary event causing the increase in permeability. However, the antidiuretic effect of synthetic peptides which lack sulphide groups casts doubt on the validity of this assumption (Schwartz et al. 1964) .
It is quite conceivable that there are several modes of action. Physiological processes can be regulated in various ways, and hormones acting as regulatory messengers may possibly use not only one, but several of the regulatory systems. Membrane permeability is presumably rate-limiting for some cellular
